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,(u, $v$) $\in E$ $u$ , $v$
$G$ ( ) . $v\in V$
$G$ $v$ , level(v)
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(4)
, $L(L\leq 4)$ DAG $G=$







$x(v)$ $\tau(v)$ , $v$ $x(v)$
, $\tau(v)+x(v)-1$
1
( A ). ,
1 . , $A$
$|A|$ .
1 $([1J)$
$v\in V$ e-value $e(v)$
. ,f-vdue $f(v)$ $f(v)=e(v)+$
$x(v)+\tau(v)$ .
$\bullet$ $v$ DAG , $e(v)=0$ .. , . $v$
$U$ . $u\in U$
f-value ,f-vdue
$u_{1},$ $u_{2},$ $\ldots,u_{|U|}$ . , $f(u_{1})\geq$
$f(u_{2})\geq$ . . . $\geq f(u_{|U|})$ .




, $N_{j}(v)=\{1\leq;$ $\leq k,$ $\{u_{1}, \ldots, u_{k}\}$
, $u$; $v$









2 $v$ low ,
$l\alpha v$ $e(v)$ . , $v$
$w^{t}$ $low\leq opt$ .
3 $U,$ $U’$
$A=E\cap(UxU’)$ $\mathcal{M}$ , $A$











1 DAG 0,1 ,
.
) DAG 0,1 ,
.
$\bullet$ $0$ , $v^{*}$
$0$ .
$\bullet$ 1 ,f-value low
$0$
, $0$









e-value $u_{1}$ . $u_{2}\ldots$ , $u\iota$
. , $e(u_{1})\geq e(u_{2})\geq\ldots\geq e(u_{l})$
. , 1 , $v^{*}$
$\max_{1\leq i\leq l}(e(u_{i})+i)$ . ,
$\lfloor 0.4e(uj)\rfloor+j=\max_{1\leq:\leq l}(\lfloor 0.\ (u:) \rfloor+i)$
.
2 $\max(low+\lfloor 0\cdot 4e(u_{J})\rfloor+j,3Alow)$ $v$
.
) $U_{1}$ $u$ $v$ $w(f(w)\leq l\alpha v)$
.








$e(w)+\tau(w)+1\leq l\alpha v$ , $e(w)\leq e(u)$ ,
$\lfloor 1.4e(w)\rfloor+\tau(w)+1=f(w)+\lfloor 0.4e(w)\rfloor\leq$
$l\alpha v+\lfloor 0\cdot 4e(u)\rfloor$ , $u$
$low+\lfloor 0.4e(u)J$ .
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, $u_{1},$ $u_{2},$ . . $,$ $u_{j}$ , $l\sigma w+\lfloor 0.4e(u_{j})\rfloor$
$u_{j},$ $u_{j-1}$ , . . . , $u_{1}$
. , $u\iota,$ $u\iota_{-1\prime}\cdots,$ $u_{J+1}$ , $l\alpha v+$
\lfloor 0.4e(uj) $u_{j+1},$ $u_{J+2},$ $\ldots,$ $u\iota$
) . $u:(1\leq i\leq l)$
, $\lfloor 0\cdot 4e(u_{J})\rfloor+j\geq\lfloor 04e(u_{*})\rfloor+i$ , $u_{i}$
$l\sigma w+\lfloor 0\cdot 4e(u_{j})\rfloor+j-i\geq low+$
$\lfloor 04e(u_{i})\rfloor$ . , $u$:
, $\max(low+$
$\lfloor 04e(u_{l})\rfloor+j,$ $\frac{5}{3}low$ ) $v^{*}$ .
1 .
1: 2; $v^{*}$ $l\alpha v+\lfloor 0\cdot 4e(u_{j})\rfloor+j$
3
$e( u_{j})\geq\frac{5}{\frac{23}{3}}(l\sigma w-\lfloor\alpha lov\rfloor)\alpha\geq$
$(1+\alpha)$ .
) 2 , $u_{J}$ $l\alpha v+\lfloor 04e(u_{j})\rfloor$
, $v^{*}$ low $+$
$\lfloor 0\cdot 4e(uj)\rfloor+j$ . , $\lfloor 0.4e(u_{j})\rfloor+j>$
$\lfloor\alpha low\rfloor$ 0.$4e(u_{j})+j\geq\lfloor 0.4e(u_{j})\rfloor+j>$
$\lfloor\alpha low\rfloor$ . 0.$6e(u_{j})\geq low-\lfloor\alpha low\rfloor$ ,
$e(uj)+j>l\sigma w$ , $e(u_{j})+j\leq l\alpha v$
. , $l\alpha v+\lfloor 0.4e(u_{j})\rfloor+j\leq low+\lfloor\alpha low\rfloor$
. , 3 $g3$
,
$\frac{5}{3}l\alpha\sim$









) $S$ , $u_{J}$ $low+\lfloor 0.4e(u_{j})\rfloor$
, $v$ $l\alpha v+$
$\lfloor 0.4e(u_{j})\rfloor+j$ . , $j\leq l$ ,
$l\alpha v+\lfloor 0.4e(u_{j})\rfloor+j\leq$
$l \sigma w+\frac{2}{3}(low-\lfloor\alpha low\rfloor)+l-1\leq l\alpha v+\lfloor\alpha l\sigma w\rfloor$
, $(1+\alpha)$ .
3, 4 2 .
2: 3, 4: $(1+\alpha)$




$M_{1}=\{u|(u, u’)\in \mathcal{M}_{1}\}$ ,
$M_{1}’=\{u’|(u_{*}u’)\in \mathcal{M}_{1}\}$
$m_{1}=|M_{1}|$ . $N_{1}=U_{1}\backslash M_{1}’$
3 .
3 , $U_{2}$ $N_{1}$
, $M_{1}$ . ,








, $opt\geq l\alpha v+1$ .
) $S$ . $S$ $U_{1}$
,
$opt>l\alpha v+1$ . . $U_{1}$
. , $M_{1}$
,








, $|M_{1}’’|>l\alpha v-t-1$ $w^{t}\geq low+1$
.
, $m_{1}>low-l+low-t-1=2low-t-l-1$
$opt\geq l\sigma w+1$ .
, $U_{3}$ .
$U_{3}=\{u|2\geq level(u)\geq 1, low\geq f(u)>t\}$
, $\mathcal{M}_{2}$ $N_{1}$
.
$M_{2}=\{u|(u. u’)\in \mathcal{M}_{2}\}$ ,
$M_{2}’=\{u’|(u, u’)\in \mathcal{M}_{2}\}$
$m_{2}=|M_{2}|$ . $N_{2}=N_{1}\backslash M_{2}’$
4 .
4 , $U_{2}$ $U_{3}$ $N_{2}$
, $M_{1}\cup M_{2}$ .











, $w^{t}\geq l\alpha v+1$ .
) 5 $M_{1}’’$ , $M_{1}’’\subseteq M_{1}\cup M_{2}$
, 5 .
7





$2low-t-l-1\leq\lfloor\alpha l\alpha v\rfloor+l\alpha v-l(1)$
$\lfloor\alpha low\rfloor+l\alpha v-l>\lfloor 1.4t\rfloor(2)$
$|N_{2}| \geq l-\lfloor\alpha low\rfloor+\lfloor\frac{2}{3}(low-\lfloor\alpha low\rfloor)\rfloor-1(3)$
) $M=M_{1}^{l}\cup M_{2}’$ . $M$
e-value $w_{1}w_{2}$
, ..., $W|M|$ . , $e(w_{1})\geq e(w_{2})\geq$
$...\geq e(w_{|M|})$ . $k(1\leq k<|M|)$
.




- $m_{1}>t$ , $M_{2}$ $m_{1}$
.
- $m_{1}\leq t$ , $M_{2}$ $t$
.
(1) , $m_{1}+m_{2}\leq 21ow$ $-t-l-1\leq$
$\lfloor\alpha low\rfloor+low-l$ , $m_{2}+t\leq\lfloor\alpha low\rfloor+low-l$
, $M_{1}$ $M_{2}$ $\lfloor\alpha low\rfloor+low-l$
.
, $M_{2}$ $M_{1}$ $\{u|1\geq level(u)\geq 0$
















, ( , $N_{2}$
$\lfloor\alpha low\rfloor+low-l$
.. $M$ $N_{2}$
$)$ . ( , $\lfloor\alpha l\alpha v\rfloor+low-l+|N_{2}|\geq$
$low+ \lfloor\frac{2}{3}(low-\lfloor\alpha l\sigma w\rfloor)\rfloor-1$ , $M$
$l \alpha v+\lfloor\frac{2}{8}(l\alpha v-\lfloor\alpha low\rfloor)\rfloor-1$
. , (1), ( $M$
$low+\lfloor\alpha low\rfloor$
.
(1) $e(w_{k}) \geq\frac{8}{3}$(low– $\lfloor\alpha law\rfloor$ ) , $M$





$low+\lfloor\alpha low\rfloor\geq l\alpha v+\lfloor 0.\ (w_{i})\rfloor+i$
, $M$ $l\alpha v+\lfloor\alpha low\rfloor$
.
$( \ell)e(w_{k})<\frac{6}{3}(l\alpha v-\lfloor\alpha l\alpha v\rfloor)$ , $M$
$w:(1\leq i\leq|M|)$ $low+ \lfloor\frac{2}{3}$(low-
$\lfloor\alpha l\alpha v\rfloor)\rfloor-1$ ) .
, $w$:
$l \alpha v+\lfloor\frac{2}{3}(l\alpha v-\lfloor\alpha low\rfloor)\rfloor-1+|M|-i$
$\leq l\alpha v+\lfloor\frac{2}{3}(low-\lfloor\alpha l\sigma w\rfloor)\rfloor-1+|M|$
$=l$ \sim w $+ L\frac{2}{3}$ (low– $\lfloor\alpha low\rfloor$ )$\rfloor-1+l-|N_{2}|$
$\leq l\alpha v+\lfloor\alpha low\rfloor$
, $M$ l\alpha \sim +\lfloor \alpha l\alpha \sim
.
5: 7: $(1+\alpha)$
7 ( $1\rangle$ $\sim(3)$ $\alpha$
. , $m_{2}\leq\lfloor\alpha l\alpha v\rfloor+l\alpha v-t-l$










$m_{2}>\lfloor\alpha l\alpha v\rfloor+l\sigma w-t-l$
$m_{3}\leq\lfloor\alpha low\rfloor+l\sigma w-t-l$
$|N_{3}| \geq l-\lfloor\alpha low\rfloor+\lfloor\frac{2}{3}(low-\lfloor\alpha low\rfloor)\rfloor-1$
, $(1+\alpha)$ .
) $M_{2}\backslash M_{3}$ $N_{3}$
,
. , 7 $M_{2}$ $M_{3}$ , $M=$




$2l-t-1$ , $m_{2}+m_{3}>2(\lfloor\alpha low\rfloor+$
$l\alpha v-t-l)$ ,
$2(\lfloor\alpha low\rfloor+l\sigma w-t-l)\geq 3low-2l-t-1$
$1-low+2\lfloor\alpha l\sigma w\rfloor\geq t$
, $\varphi t\geq l\alpha v+1$ .
11 $\alpha\geq\Delta 226$ , (2)$\Rightarrow(5)$ .
) (2). ( , $\alpha\geq\frac{23}{26}$
,
1.4 $(2\lfloor\alpha low\rfloor-l\alpha v+1)-(\lfloor\alpha low\rfloor+l\alpha v-l-1)+1$
$> \frac{2}{15}low(26\alpha-23)+\frac{14}{15}>0$
9 . ,




$|N_{3}|<l- \lfloor\alpha l\alpha v\rfloor+\lfloor\frac{2}{3}(low-\lfloor\alpha lowJ)\rfloor-1$
, $oPt\geq l\alpha v+1$
.
$t \geq 3low-2l-\lfloor\alpha low\rfloor+\lfloor\frac{2}{3}(law-[\alpha l\alpha v\rfloor)\rfloor-2(4)$
) $M_{1}$ , $M_{3},$ $M_{2}\backslash M_{3}$ ,
. $M_{3}$ , $MM_{2}’$






$t \geq 3low-2l-\lfloor\alpha l\alpha v\rfloor+\lfloor\frac{2}{3}(l\alpha v-\lfloor\alpha low\rfloor)\rfloor-2$






, $\geq l\sigma w+1$
.
$t\leq 2\lfloor\alpha l\alpha v\rfloor-l\alpha v+1$ (5)
$1.4(2\lfloor\alpha l\alpha v\rfloor-low+1)\geq(\lfloor\alpha low\rfloor+l\alpha v-l-1)$
$\geq\lfloor 1.4t\rfloor+1>1.4t$
, 11 .
12 $\alpha>$ , $(1+a)$
, $\ovalbox{\tt\small REJECT}\geq l\alpha v+1$ .
) $S$ 4, 10 , 7
(1), ( , $(S)$ . 9 (4). 10
(5) , $(1+\alpha)$
, $w^{t}\geq l\alpha v+1$ .
11 , ( \Rightarrow (0. , u)\Rightarrow (l)\Delta (
, (2), (4) . 2
$\alpha$ ,
$\frac{5}{7}(\lfloor\alpha low\rfloor+l\sigma w-l)-1$
$>3low-2l-[ \alpha low\rfloor+\lfloor\frac{2}{3}(l\sigma w-\lfloor\alpha low\rfloor)\rfloor-2$
\alpha lc v $> \frac{16}{19}(low-\frac{19}{20})$
$\alpha>\frac{16}{19}$
, $\frac{23}{26}>\frac{16}{19}$ , $\alpha\geq\frac{23}{26}$ ,
$(1+\alpha)$ , $\geq l\alpha v+1$
.
1 DAG 4 ,
$\frac{49}{26}$ .
) 12 . $\alpha=\frac{23}{26}$ . $\underline{49}$
, }a $\varphi t\geq l\alpha v+1$ $4^{2}$







, DAG $O(|V|)$ .
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) $x(v)(> 1)$ , $v$
1 $W=$











. $w$ $v$ f-value , $v$
.. $w\in W$
$w$ , $v$
.
, 1
$‘ ,
.
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